Background: Comparability of health data is a major challenge within the context of the Health Monitoring Programme of the European Commission. A common problem in surveys is that many variations of essentially the same question exist. Methods: Response conversion is a new method for improving comparability by scaling the data onto a common scale. Comparisons between member states can then be made in terms of the common scale. A first step is the construction of a conversion key. This is a relatively complex activity, but needs to be done only once. The second step is the actual data transformation. This is simple, and can be repeatedly done on a routine basis as new information arrives. Construction of the key is only possible if enough overlapping information can be found. Results: The method is illustrated for dressing disability from five European countries. Differences occur between countries, between sexes and between age groups. These were similar in magnitude. Conclusion: Response conversion is a new method for enhancing comparability among existing data. Conversion can only be done if a key is available. More work is needed to establish the technique. Future implications within the Health Monitoring Programme are discussed.
T X he goal of the Health Monitoring Programme (HMP)
of the European Commission (EC) is to provide relevant and timely information about the health in each member state. 1 As far as possible, the monitoring system will be fed by existing data collected through health surveys, or other sources that are performed by individual member states. Substantial variations in the actual measurement exist, e.g. in sampling procedures, in the coverage per topic, in the wording of questions and formulation of response categories. Incomparability of information is thus a major problem. See Harkness et al.^ for a thorough overview of all problems related to the integration of cross-cultural surveys. This paper addresses the problem created by differences in the formulation of survey questions and response categories. As an example, the UK health survey contains a question Can you get dressed and undressed on your own? with response categories 'without difficulty', 'some difficulty', 'only with help'. The Austrian health interview contains the item Washing and dressing? with response categories 'yes possible without help', 'yes possible with help' and 'not possible'. Both items obviously intend to measure the ability to take care of oneself, but it is not clear how an answer on the UK item can be compared with one on the Austrian item without making arbitrary recoding assumptions. Response conversion (RC) is designed to enhance comparability in such cases. The method attempts to scale seemingly incomparable data in the same area onto a common scale. Where this can be done, comparisons between MS can be made in the common units. The goal of this paper is to demonstrate how RC can be applied in the context of post-harmonization of disability information.
METHOD
Conversion to a common unit is a common scientific activity. For example, the distance between two points can be measured in many ways: by a ruler, by the time taken to move between the points (e.g. sonar), by a shift in the electromagnetic spectrum (as in astronomy), by a difference between viewing angles, and so on. The resulting values (cm, seconds, colours, degrees) can be expressed in terms of a common distance unit provided that one knows how the observed data relate to the common unit. RC applies this idea to survey measurement. Application of RC consists of two main steps. The first step is the construction of a conversion key. The conversion key relates the common scale to the observed data. The construction of the key is relatively complex, but needs to be done only once. The second step involves the conversion of the observed data into the common scale. This step is straightforward and can be repeated if new information arrives. Information on the common scale can be compared, for example across countries. measure the ability to walk, but with only these two items, there is no way of comparing the amount of walking disability between the studies. However, both studies also administered the HAQ8 item, another walking disability item. The category frequencies on HAQ8 tell us that the EURIDISS sample is more disabled than the ERGOPLUS sample. Moreover, the link by HAQ8 allows one to relate the answers in SI01 and GAR9.
The data in table I are described by a Partial Credit Model, and the estimated parameters from this model form the conversion key. We will not describe the model in detail here, and the reader is referred to the report.
8 Figure 1 describes the probability of responding in each category given the value of the common scale as fitted by RUMM 2010. 9 The points at which the curves cross are called thresholds. Knowledge of the location of the threshold is enough to reconstruct the curves. The collection of thresholds of all items forms the conversion key. Suppose that we have two new studies on different samples, where the first administers only item SI01 and the second administers only GAR9. Is it possible to compare the level of disability in the two new samples? Provided that an appropriate conversion key is available, the answer is yes. The problem of converting data to a common scale under a given model is known as ability estimation or scoring. We omit the technical details here and refer the reader to Van Buuren et al. 8 for more information. Table 2 contains the mean disability per category in terms of the common scale. So, a response in category 'no' on item SI01 corresponds to a walking disability of-2.44 on the common scale, while a response 'y es ' corresponds to an disability of -0.49. An estimate for the entire sample can be obtained by the sum of the disability levels weighted by the category frequencies. Thus, for ERGOPLUS we obtain ((-2.44 * 276) + (-0.49 * 28)) / 304 = -2.26. The mean disability in EURIDISS based on GAR9 is equal to -2.13, so the difference is 0.13. Thus, in the absence of a bridge item or bridge study, but with the aid of a conversion key, we can infer that the ERGOPLUS sample has on average fewer disabilities. Information contained in different items is now expressed Figure 1 Category characteristic curves: probability of responding in a category in terms of the common scale Table 4 shows the frequency distributions split according to sex and age for ages between 55 and 89 years. All items measure the ability to dress, but do so in different ways. The British and the (translated) Italian items are similar in both question and response category. The Norwegian item uses similar categories, but does not use the phrase 'on your own'. The Austrian and Dutch items differ in both the questions and the response categories. The last column contains the mean disability estimate for each category on the common scale. This was an estimate derived from the conversion key. The conversion key was constructed using a combined sample from 11 bridge studies. We used data from 4693 persons that answered at least two questions on dressing disability. This allowed us to construct a conversion key of 15 different items on dressing disability. We had not enough data available to separately estimate the difference caused by the phrase 'on your own'. The keys of these items were therefore equated to each other. For more details, we refer the reader to Van Buuren et al 8 Figures 2 and 3 contain the mean dressing disability for the five countries on the common scale. They display three kinds of effects: 'age effects' within each subplot, 'country effects' between the subplots, and 'sex effects' between the two figures. The Italian sample nicely illustrates the age effect, where disability increases with age, as expected. Somewhat surprisingly, the age effect is almost absent is the British sample, especially in the male Table 3 Five national studies that measure dressing disabilities group. Note that the age effect is generally stronger for females. The largest sex difference occurs in the Norwegian sample, where women experience more dressing disabilities. The country that deviates most from the others is The Netherlands, for which disability is clearly below the country averages. The interesting observation in this analysis is that the country effect is similar in magnitude to the other two, and thus might not be unreasonable in size. On the other hand, it would certainly be comforting if we had an explanation why the 55-59 year old Austrians males have more trouble getting dressed than Dutch males that are 30 years older.
CONCLUSIONS
Incomparability of data is a key problem in international comparisons. Response conversion is a new method for enhancing comparability of seemingly incomparable data. RC consists of two main steps: construction of a conversion key and application of the key to data. The method systematically exploits any overlap between existing data sources. The statistical methodology is built on well-established psychometric theory, and has been applied before on linked health data.^' 11 The most important asset of the methodology is that it can work with existing data. This aids in setting up a health monitoring system without the need to drastically change established ways of working in the participating countries. Conversion can only be done if a key is available. A key can only be made if the questions can be linked by data, i.e. by bridge studies and bridge items. The quality of the conversion key varies with the quality of the links (e.g. with sample size, plausibility of equivalent translation, use of an internal versus external frame of reference). Given appropriate resources, one could collect new data with the explicit goal of key construction. Construction of the linkage matrix is then more controllable and less sensitive to historical data. Such a study need not be very large or costly, and can lead to a more compact and workable linkage matrices for the health parameter of interest. Let us be clear that we do not advocate response conversion as a panacea for all harmonization. It is of course always better to get comparable data in the first place, but our experience is that this is not always possible. There is increasing evidence that 'getting comparable data' is not as easy as it sounds, even when the questions are the same. lation and cultural equivalence, and requires scale equivalence through more formal methods like the one discussed in this paper. Getting comparable data can be relatively easy for new topics in new samples. It is already more difficult to attain comparability on old topics in new samples, as harmonization might compromise historic comparability. But it is impossible to compare existing data in the form in which they were collected. It would be wasteful to discard existing data with the argument that they are not comparable. Likewise, it would be inefficient if new community-wide surveys duplicate data collection efforts of the individual member states. Our method is particularly useful to deal with these kinds of inefficiencies.
Further work within the context of the Health Monitoring Programme (HMP) is currently being done. This consists of the evaluation of the suitability of response conversion for projects and data within the HMP, the construction of new conversion keys, and the development of an interactive web site for actual conversion to a common scale. A couple of technical challenges require further attention. We developed methods to check the appropriateness of equivalence assumptions, but more work is needed to investigate these methods in the context of linked data. Also, we need a more complete methodology to verify the assumption of unidimensionality under linked data. In addition, further validation of the method used to estimate ability estimation would be useful. We are currently working on conversion keys for physical activity from data of the EUPASS project 12 and personal care. comparability is a major issue. Indicators are often defined as percentages. The RC framework applies to percentages if it is possible to conceptualize the percentage as the size of the group falling above a certain cut point on a continuum. Linkages between different definitions can be established if the same sample can be classified according to multiple cut points. Breastfeeding is an example that comes to mind. One could conceptualize 'type of infant nutrition' as a continuum ranging from exclusively breastfed on one extreme to exclusively non-breastfed on the other extreme, with many shades of grey in between. Given this continuum, different indicators result when a cut point is placed at different locations. Given appropriately linked data and a fitting statistical model, it is possible to estimate the prevalence under each such indicator.
The goal of the Health Monitoring Programme was to develop a viable health information system on a European scale. Much emphasis has been put on the definition of indicators and on the development of co-ordinated networks. Further development and implementation of the information system will require appropriate strategies for dealing with comparability problems of the type discussed here.
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